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PURPOSE: To miniaturize and lighten a detection mechanism, and to 
improve the workability of radiation measurement while enhancing 
spectral sensitivity by combining a photocell with a Csl (TI) 
scintillator requiring no cryogenic cooling mechanism and high- 
tension power supply and cooling both the scintillator and the 
photocell by a small-sized lightweight thermoelectric cooling panel 
and a radiation shielding body. 

CONSTITUTION: A well type sub-detector 2 is arranged so as to 
surround a core type main detector 1, the single crystal of Csl (TI) 
is used as a scintillator, and electronic signals are generated by 
photocells 3 mounted on each end face, extracted to each 
preamplif ying substrate 4, and input to a anticpiriC^^^^ 
circuit . Thermoelectric cooling panels 5 are stuck on the photocells 
3, and the temperatures of the photocells 3 are cooled at 30°C or 
lower. The heat of the panels 5 is transmitted over radiation 
shielding bodies 9, 10, 11 through transmission plates 6 at that 
time, and dissipated to the outside. An anticoincidence counting 
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method is applied to the two signals extracted from the preamplif ying 
substrate 4, and noises by Compton scattering of y-ray spectrum are 
removed, thus improving spectral sensitivity. 
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and cooling both the scintillator 
and the photocell by a 
small-sized lightweight 
thermoelectric cooling panel and 
a radiation shielding body. 
CONSTITUTION: A well type 
sub-detector 2 is arranged so as 
to surround a core type main 

detector 1, the single crystal of Csl (TI) is used as a 
scintillator, and electronic signals are generated by photocells 
3 mounted on each end face, extracted to each preamplifying 
substrate 4, and input to a anticoincidence counter circuit. 
Thermoelectric cooling panels 5 are stuck on the photocells 3, 
and the temperatures of the photocells 3 are cooled at 30"" C or 
lower. The heat of the panels 5 is transmitted over radiation 
shielding bodies 9, 10, 11 through transmission plates 6 at that 
time, and dissipated to the outside. An anticoincidence counting 
method is applied to the two signals extracted from the 
preamplifying substrate 4, and noises by Compton scattering of 
y-ray spectrum are removed, thus improving spectral sensitivity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The main detector which combined the Csl (Tl) scintillator and the 
photoelectric element, and the subdetector similarly arranged in the Csl (Tl) 
scintillator and the photoelectric element so that the perimeter and back of 
combination and the above-mentioned main detector might be surrounded, While 
surrounding the thermoelectric-cooling panel which is installed by each 
above-mentioned photoelectric element and controls the temperature up of each 
photoelectric element, and the above-mentioned main-sub ******** and each 
thermoelectric-cooling panel Gamma ray detection equipment characterized by 
having the radiation shielding object which radiates heat in a 
thermoelectric-cooling panel, and the electronic circuitry which is made to carry 
out coincidence detection of the escaping photon of a gamma ray with the 
above-mentioned main detector and a subdetector, and carries out 
anticoincidence counting of the pulse from a subdetector to the pulse from the 
main detector. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the energy dispersion mold 
gamma ray detection equipment which detects radioisotope (nuclear species) by 
carrying out measurement according to energy of the gamma ray which is a kind 
of a radiation. 
[0002] 

[Description of the Prior Art] as the equipment which detects the 
above-mentioned gamma ray ~ anticoincidence ~ counting ~ the equipment with 
which the thing using a method combined the Nal (Tl) detector etc. with the 
surroundings of a germanium detector conventionally is used widely. Moreover, 
the detection equipment which combined the Csl (Tl) detector and the 
photoelectric element is also used alone conventionally. 

[0003] As former reference, "the engine performance of a BGO Compton control 
spectrometer" (THE PERFORMANCE OF A BISMATH GERMANATE 
ESCAPE SUPPRESSED SPECTROMETER) etc. occurs, and there is "a portable 
gamma spectrometer for education" (PORTABLEGAMMA SPECTROMETER 
FOR EDUCATIONAL USE) etc. in the latter. 

[0004] Although the thing typical as this kind of equipment used said germanium 
semiconductor detector, while it was accurate, since a very-low-temperature 
cooler style and a high voltage power supply were required, the volume and 
weight became large, this required time amount for installation etc. and it had 
anxiety of radiation exposure in the nuclear power plant which narrow space 
takes a quick activity. 

[0005] Moreover, the conventional simple detection equipment using said Csl 
(Tl) detector and photoelectric element was not equipped with the function in 
which it is an elevated temperature and nuclear species can be identified with a 
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precision sufficient in the work site of the nuclear power plant where the 

Compton background is high. 

[0006] 

[Problem(s) to be Solved by the Invention] This invention copes with the actual 
condition like the above statement and is lightweight and compact, and by finding 
out the gamma ray detection equipment which can bear an elevated temperature 
and a high background, the workability of the radioactivity measurement of a 
nuclear power plant is improved, and it aims at aiming at promotion of 
strengthening of this measurement. 
[0007] 

[Means for Solving the Problem] Namely, the description of the gamma ray 
detection equipment of this invention which suits the above-mentioned purpose 
The main detector which combined the Csl (Tl) scintillator and the photoelectric 
element, and the subdetector similarly arranged in the Csl (Tl) scintillator and the 
photoelectric element so that the perimeter and back of combination and the 
above-mentioned main detector might be surrounded, While surrounding the 
thermoelectric-cooling panel which is installed by each above-mentioned 
photoelectric element and controls the temperature up of each photoelectric 
element, and the above-mentioned main-sub ******** ^j^^j each 
thermoelectric-cooling panel It is in the place equipped with the radiation 
shielding object which radiates heat in a thermoelectric-cooling panel, and the 
electronic circuitry which is made to carry out coincidence detection of the 
escaping photon of a gamma ray with the above-mentioned main detector and a 
subdetector, and carries out anticoincidence counting of the pulse from a 
subdetector to the pulse from the main detector. 
[0008] 

[Function] The gamma ray detection equipment of above-mentioned this 
invention is effective if it utilizes for the periodic check of a nuclear power plant, 
can measure gamma lineal energy from outsides, such as primary-cooling-system 
piping of a reactor, in this case, and can presume the amount of the nuclear 
species inside piping. Furthermore, the effectiveness of washing can be checked, 
if it measures with the detector by this invention before and after chemical 
cleaning when chemicals wash the interior of piping at the time of a periodic 
check. 

[0009] Since these measurement is performed during a reactor halt, the 
temperature and radiation level of work environment are falling to extent which 
human being puts in, but the piping itself has a case so that measurement may be 
carried out, when it is in an about 50 degrees C - 100 degrees C condition. 
Moreover, radiation level has a location-difference by whether the measuring 
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object is a first order system, or it is the second order system, it is piping, or it is a 
device, and it is necessary to take time change, such as how many hours passed 
after the reactor halt, into consideration moreover. 

[0010] A deer can be carried out and the energy dispersion mold gamma ray 
detection equipment by above-mentioned this invention can carry out 
maintenance enhancement of the principle of a small volume light weight 
corresponding to the location-time difference among these work environments. 
[001 1] That is, especially in the equipment of above-mentioned this invention, 
while using the combination of the Csl (Tl) and the photoelectric element which 
need neither a very-low-temperature cooler style nor a high voltage power supply 
as a detector, the detection device of an equipment end can be formed in 
lightweight and a compact by adoption of the heat dissipation system using a 
small lightweight thermoelectric-cooling panel and a radiation shielding object, 
moreover, the thing which can act also at temperature with the comparatively 
high photoelectric element of the Csl (TI) scintillator of above-mentioned this 
invention ~ it is ~ further ~ anticoincidence - counting — it is possible to make 
the Compton background reduce by the electronic circuitry, and to make a 
gamma ray detect with a sufficient precision. 
[0012] 

[Example] With reference to an accompanying drawing, the example of this 
invention is explained further below. 

[0013] It is one example of this invention which is shown in drawin g 1 , and it is 
the example of the gamma ray detection device considered for applying to the 
periodic check of a nuclear power plant. The detection equipment of this example 
is equipped with the electronic circuitry of reverse coincidence counting shown in 
the gamma ray detection device and drawing 2 of the equipment end shown in 
drawing 1 , and die length is [ the diameter of the outline dimensions of the 
above-mentioned gamma ray detection device ] about 10cm in about 13cm. 
[0014] First, the structure of radiation detection and cooling is explained. In 
drawing, 1 is the core mold CsI(Tl) main detector, the quality of the material 
makes the single crystal of Csl (Tl) the scintillator to a gamma ray, and equips 
the end face with the silicon photodiode of a photoelectric element 3, and 
generates an electrical signal. Although 2 is similarly a Csl (Tl) detector, the 
configuration serves as a subdetector of the well mold which encloses the 
perimeter and back of the above-mentioned main detector 1, The electrical signal 
which comes out of these detectors 1 and 2 goes into each preamp substrate 4, 
and goes to the anticoincidence circuit shown in drawing 2 . 
[0015] On the other hand, the thermoelectric-cooling panel 5 of known structure 
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is stuck on the photoelectric element 3, and the temperature of a photoelectric 
element 3 can be cooled at 30 degrees C or less. 

[0016] Next, radiation shielding and many structures of heat dissipation are 
explained. The radiation shielding objects 9, 10, and 11 are leaden barrels, and 
serve as the operation which radiates heat in the heat of the 
thermoelectric-cooling panel 5 of 5 through the heat transfer plate 6. Between the 
heat transfer plate 6 and the radiation shielding object, the good indium foil 7 of 
heat conduction is stuck. The radiation shielding objects 10 and 1 1 can attain 
lightweight-ization further by desorption being possible and removing these with 
the reinforcement of environmental radiation, in the case of a low-dose rate. 
[0017] In addition, a hole for the collimator for detection in 12 in drawing and 13 
to pull out wiring (not shown) to the exterior and 8 show the heat-insulating 
element, respectively. 

[0018] Furthermore, it explains below what kind of operation the structure shown 
in drawing 1 has achieved, a scintillator ~ the core mold CsI(Tl) main detector 1 
and the well mold CsI(Tl) secondary detector 2 — dividing — the end face ~ the 
each photoelectric element 3 (photodiode) ~ equipping ~ each electrical signal — 
two preamp substrates 4 ~ drawing and both signals ~ receiving ~ 
anticoincidence ~ counting ~ a method is applied. This reverse coincidence 
counting pulls out only a photograph peak vividly except for the noise by 
Compton scattering of a gamma ray spectrum , and is known as. the technique of 
r^ifiinp; ^^pt <;ppctral sensitivity of a detecton-T he structure shown in drawing 1 has 
the description tundamental to the point which enabled it to apply this technique 
according to the structure of a very small volume light weight. Compton 
scattering is entered and carried out to the main detector 1, and since the gamma 
ray which went into the subdetector 2 and was detected gives a signal pulse to 
coincidence to subdetector 2 system, a reverse coincidence-counting electronic 
circuitry distinguishes and removes this. The circuit block diagram of the 
example of reverse coincidence counting which performs such signal processing 
is shown in drawing 2 . 

[0019] On the other hand, an operation of the thermoelectric-cooling panel 5 is 
cooling a photoelectric element 3 and keeping at 30 degrees C or less. If 30 
degrees C is exceeded, a noise will occur in a photoelectric element 3 and ability 
to detect will decline. That is, since it can become 40-50 degrees C in the work 
environment at the time of constant ** of a nuclear power plant, it becomes 
required conditions to cool a photoelectric element 3. It is clear that cooling of a 
photoelectric element can be extremely attained to a small volume light weight 
by use of this thermoelectric-cooling panel 5 in this invention. 
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[0020] Moreover, the radiation shielding objects 9, 10, and 11 shown in drawing 
1 are performing the heat dissipation operation of the thermoelectric-cooling 
panel 5 through the heat transfer plate 6 at the same time they cover a radiation in 
one. Thus, it is useful to small capacity lightweight-ization to use a screen for 
heat dissipation. Furthermore, withdrawal and combination can choose the 
radiation shielding objects 10 and 1 1 according to a radiation measurement 
environment with a remarkable degree of freedom. 
[0021] 

[Effect of the Invention] As explained above, the gamma ray detection equipment 
of this invention Main-sub ******** which combined the Csl (Tl) scintillator 
and the photoelectric element, While surrounding the anticoincidence circuit 
using these, the thermoelectric-cooling panel which is installed by each 
above-mentioned photoelectric element and controls the temperature up of each 
photoelectric element, and the above-mentioned main-sub ******** and a 
thermoelectric-cooling panel While using the combination of the Csl (Tl) and the 
photoelectric element which are equipped with the radiation shielding object 
which radiates heat in a thermoelectric-cooling panel, and need neither a 
very-low-temperature cooler style nor a high voltage power supply especially as a 
detector By adoption of the heat dissipation system using a small lightweight 
thermoelectric-cooling panel and a radiation shielding object, it is possible 
lightweight and to form the detection device of an equipment end in a compact. 
Moreover, the photoelectric element of the above-mentioned Csl (Tl) scintillator 
can be comparatively used also by hot environments. Furthermore, the Compton 
background is reduced by the above-mentioned anticoincidence circuit, and if in 
the measuring power of a gamma ray, remarkable effectiveness that the 
workability of the radioactivity measurement of a nuclear power plant is 
improved and promotion of strengthening of this measurement can be aimed at is 
done so in total. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2 * * * * shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the energy dispersion mold 
gamma ray detection equipment which detects radioisotope (nuclear species) by 
carrying out measurement according to energy of the gamma ray which is a kind 
of a radiation. 
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PRIOR ART 



[Description of the Prior Art] as the equipment which detects the 
above-mentioned gamma ray ~ anticoincidence — counting — the equipment with 
which the thing using a method combined the Nal (Tl) detector etc. with the 
surroundings of a germanium detector conventionally is used widely. Moreover, 
the detection equipment which combined the Csl (Tl) detector and the 
photoelectric element is also used alone conventionally. 

[0003] As former reference, "the engine performance of a BGO Compton control 
spectrometer" (THE PERFORMANCE OF A BISMATH GERMANATE 
ESCAPE SUPPRESSED SPECTROMETER) etc. occurs, and there is "a portable 
gamma spectrometer for education" (PORTABLEGAMMA SPECTROMETER 
FOR EDUCATIONAL USE) etc. in the latter. 

[0004] Although the thing typical as this kind of equipment used said germanium 
semiconductor detector, while it was accurate, since a very-low-temperature 
cooler style and a high voltage power supply were required, the volume and 
weight became large, this required time amount for mstallation etc. and it had 
anxiety of radiation exposure in the nuclear power plant which narrow space 
takes a quick activity. 

[0005] Moreover, the conventional simple detection equipment using said Csl 
(Tl) detector and photoelectric element was not equipped with the function in 
which it is an elevated temperature and nuclear species can be identified with a 
precision sufficient in the work site of the nuclear power plant where the 
Compton background is high. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, it is gamma ray detection 
equipment of this invention. Main-sub ******** which combined the Csl (Tl) 
scintillator and the photoelectric element. While surrounding the anticoincidence 
circuit using these, the thermoelectric-cooling panel which is installed by each 
above-mentioned photoelectric element and controls the temperature up of each 
photoelectric element, and the above-mentioned main-sub ******** and a 
thermoelectric-cooling panel While using the combination of the Csl (Tl) and the 
photoelectric element which are equipped with the radiation shielding object 
which radiates heat in a thermoelectric-cooling panel, and need neither a 
very-low-temperature cooler style nor a high voltage power supply especially as a 
detector By adoption of the heat dissipation system using a small lightweight 
thermoelectric-cooling panel and a radiation shielding object, it is possible 
lightweight and to form the detection device of an equipment end in a compact. 
Moreover, the photoelectric element of the above-mentioned Csl (Tl) scintillator 
can be comparatively used also by hot environments. Furthermore, the Compton 
background is reduced by the above-mentioned anticoincidence circuit, and if in 
the measuring power of a gamma ray, remarkable effectiveness that the 
workability of the radioactivity measurement of a nuclear power plant is 
improved and promotion of strengthening of this measurement can be aimed at is 
done so in total. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention copes with the actual 
condition like the above statement and is lightweight and compact, and by finding 
out the gamma ray detection equipment which can bear an elevated temperature 
and a high background, the workability of the radioactivity measurement of a 
nuclear power plant is improved, and it aims at aiming at promotion of 
strengthening of this measurement. 
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MEANS 



[Means for Solving the Problem] Namely, the description of the gamma ray 
detection equipment of this invention which suits the above-mentioned purpose 
The main detector which combined the Csl (Tl) scintillator and the photoelectric 
element, and the subdetector similarly arranged in the Csl (Tl) scintillator and the 
photoelectric element so that the perimeter and back of combination and the 
above-mentioned main detector might be surrounded, While surrounding the 
thermoelectric-cooling panel which is installed by each above-mentioned 
photoelectric element and controls the temperature up of each photoelectric 
element, and the above-mentioned main-sub ******** and each 
thermoelectric-cooling panel It is in the place equipped with the radiation 
shielding object which radiates heat in a thermoelectric-cooling panel, and the 
electronic circuitry which is made to carry out coincidence detection of the 
escaping photon of a gamma ray with the above-mentioned main detector and a 
subdetector, and carries out anticoincidence counting of the pulse from a 
subdetector to the pulse from the main detector. 
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OPERATION 



[Function] The gamma ray detection equipment of above-mentioned this 
invention is effective if it utilizes for the periodic check of a nuclear power plant, 
can measure gamma lineal energy from outsides, such as primary-cooling-system 
piping of a reactor, in this case, and can presume the amount of the nuclear 
species inside piping. Furthermore, the effectiveness of washing can be checked, 
if it measures with the detector by this invention before and after chemical 
cleaning when chemicals wash the interior of piping at the time of a periodic 
check. 

[0009] Since these measurement is performed during a reactor halt, the 
temperature and radiation level of work environment are falling to extent which 
human being puts in, but the piping itself has a case so that measurement may be 
carried out, when it is in an about 50 degrees C - 100 degrees C condition. 
Moreover, radiation level has a location-difference by whether the measuring 
object is a first order system, or it is the second order system, it is piping, or it is a 
device, and it is necessary to take time change, such as how many hours passed 
after the reactor halt, into consideration moreover. 

[0010] A deer can be carried out and the energy dispersion mold gamma ray 
detection equipment by above-mentioned this invention can carry out 
maintenance enhancement of the principle of a small volume light weight 
corresponding to the location-time difference among these work environments. 
[001 1] That is, especially in the equipment of above-mentioned this invention, 
while using the combination of the Csl (Tl) and the photoelectric element which 
need neither a very-low-temperature cooler style nor a high voltage power supply 
as a detector, the detection device of an equipment end can be formed in 
lightweight and a compact by adoption of the heat dissipation system using a 
small lightweight thermoelectric-cooling panel and a radiation shielding object, 
moreover, the thing which can act also at temperature with the comparatively 
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EXAMPLE 



[Example] With reference to an accompanying drawing, the example of this 
invention is explained further below. 

[0013] It is one example of this invention which is shown in drawing 1 , and it is 
the example of the gamma ray detection device considered for applying to the 
periodic check of a nuclear power plant. The detection equipment of this example 
is equipped with the electronic circuitry of reverse coincidence counting shown in 
the gamma ray detection device and drawin g 2 of the equipment end shown in 
drawing 1 , and die length is [ the diameter of the outline dimensions of the 
above-mentioned gamma ray detection device ] about 10cm in about 13cm. 
[0014] First, the structure of radiation detection and cooling is explained. In 
drawing, 1 is the core mold CsI(Tl) main detector, the quality of the material 
makes the single crystal of Csl (Tl) the scintillator to a gamma ray, and equips 
the end face with the silicon photodiode of a photoelectric element 3, and 
generates an electrical signal. Although 2 is similarly a Csl (Tl) detector, the 
configuration serves as a subdetector of the well mold which encloses the 
perimeter and back of the above-mentioned main detector 1 . The electrical signal 
which comes out of these detectors 1 and 2 goes into each preamp substrate 4, 
and goes to the anticoincidence circuit shown in drawing 2 . 
[0015] On the other hand, the thermoelectric-cooling panel 5 of known structure 
is stuck on the photoelectric element 3, and the temperature of a photoelectric 
element 3 can be cooled at 30 degrees C or less. 

[0016] Next, radiation shielding and many structures of heat dissipation are 
explained. The radiation shielding objects 9, 10, and 11 are leaden barrels, and 
serve as the operation which radiates heat in the heat of the 
thermoelectric-cooling panel 5 of 5 through the heat transfer plate 6. Between the 
heat transfer plate 6 and the radiation shielding object, the good indium foil 7 of 
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heat conduction is stuck. The radiation shielding objects 10 and 1 1 can attain 
lightweight-ization further by desorption being possible and removing these with 
the reinforcement of environmental radiation, in the case of a low-dose rate. 
[0017] In addition, a hole for the collimator for detection in 12 in drawing and 13 
to pull out wiring (not shown) to the exterior and 8 show the heat-insulating 
element, respectively. 

[0018] Furthermore, it explains below what kind of operation the structure shown 
in drawing 1 has achieved, a scintillator ~ the core mold CsI(Tl) main detector 1 
and the well mold CsI(Tl) secondary detector 2 ~ dividing ~ the end face ~ the 
each photoelectric element 3 (photodiode) ~ equipping ~ each electrical signal ~ 
two preamp substrates 4 — drawing and both signals ~ receiving - 
anticoincidence ~ counting ~ a method is applied. This reverse coincidence 
counting pulls out only a photograph peak vividly except for the noise by 
Compton scattering of a gamma ray spectrum, and is known as the technique of 
raising the spectral sensitivity of a detector. The structure shown in drawin g 1 has 
the description fundamental to the point which enabled it to apply this technique 
according to the structure of a very small volume light weight. Compton 
scattering is entered and carried out to the main detector 1, and since the gamma 
ray which went into the subdetector 2 and was detected gives a signal pulse to 
coincidence to subdetector 2 system, a reverse coincidence-counting electronic 
circuitry distinguishes and removes this. The circuit block diagram of the 
example of reverse coincidence counting which performs such signal processing 
is shown in drawing 2 . 

[0019] On the other hand, an operation of the thermoelectric-cooling panel 5 is 
cooling a photoelectric element 3 and keeping at 30 degrees C or less. If 30 
degrees C is exceeded, a noise will occur in a photoelectric element 3 and ability 
to detect will decline. That is, since it can become 40-50 degrees C in the work 
environment at the time of constant ** of a nuclear power plant, it becomes 
required conditions to cool a photoelectric element 3. It is clear that cooling of a 
photoelectric element can be extremely attained to a small volume light weight 
by use of this thermoelectric-cooling panel 5 in this invention. 
[0020] Moreover, the radiation shielding objects 9, 10, and 1 1 shown in drawing 
1 are performing the heat dissipation operation of the thermoelectric-cooling 
panel 5 through the heat transfer plate 6 at the same time they cover a radiation m 
one. Thus, it is useful to small capacity lightweight-ization to use a screen for 
heat dissipation. Furthermore, withdrawal and combination can choose the 
radiation shielding objects 10 and 1 1 according to a radiation measurement 
environment with a remarkable degree of freedom. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the detection device of the gamma 
ray detection equipment of this invention example. 

[Drawing 2] It is the circuit block diagram of reverse coincidence counting of this 
example. 

[Description of Notations] 

1 The Main Detector (Csl (Tl) Scintillator) 

2 SubDetector (Csl (Tl) Scintillator) 

3 Photoelectric Element 

4 Preamp Substrate 

5 Thermoelectric-Cooling Panel 

6 Heat Transfer Plate 

7 Indium Foil 

8 Heat-insulating Element 

9, 10, 11 Radiation shielding object 
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DRAWINGS 



[Drawin g 1] 




[Drawin g 2] 
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